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Abstract— In this paper, we report the development of a 
novel Pt/MoO3 nano-flower/SiC Schottky diode based device 
for hydrogen gas sensing applications. The MoO3 
nanostructured thin films were deposited on SiC substrates 
via thermal evaporation. Morphological characterization of 
the nanostructured MoO3 by scanning electron microscopy 
revealed randomly orientated thin nanoplatelets in a densely 
packed formation of nano-flowers with dimensions ranging 
from 250 nm to 1 µm. Current-voltage characteristics of the 
sensor were measured at temperatures from 25°C to 250°C. 
The sensor showed greater sensitivity in a reverse bias 
condition than in forward bias. Dynamic response of the 
sensor was investigated towards different concentrations of 
hydrogen gas in a synthetic air mixture at 250°C and a large 
voltage shift of 5.7 V was recorded upon exposure to 
1% hydrogen.  
I. INTRODUCTION  
Hydrogen gas sensing has attracted a great deal of 
attention due to the fact that it can be used as a clean and 
renewable source of energy in fuel cells. However, 
hydrogen gas is explosive when mixed with air in the ratio 
of 4 to 75 vol.% [1]. Due to its small atomic radii, it is also 
capable of weakening certain metals through an embrittling 
process. Hydrogen sensors are in high demand for 
chemical, energy, petroleum and food industries. 
Schottky diode based sensors with a nanostructured 
metal oxide layer have exhibited high sensitivity towards 
reducing gases such as hydrogen [2-6]. In a Schottky diode 
based sensor, a transition metal such as platinum or 
palladium is deposited on the metal oxide surface and these 
metals function as both the Schottky contact and a catalytic 
layer for hydrogen molecule dissociation. Recently, 
nanostructured forms of MoO3 have been used as the gas 
sensing layer in Schottky diodes structures to increase their 
sensitivity due to the sharp edges and corners of the 
nanostructured morphologies [5]. 
Molybdenum trioxide (MoO3) is a n-type 
semiconducting material with a wide band gap between 
2.75 and 2.95 eV [7]. It has been widely investigated in 
various applications including sensors [5, 8], catalysts [9, 
10], and electrochromic and photochromic devices [11, 12]. 
There are different growth techniques for development and 
deposition of MoO3 nanostructured thin films such as 
thermal evaporation [5, 8], hydrothermal synthesis [13], 
and pulsed laser vaporization-controlled condensation 
(LVCC) technique [14].   
In this work, nanostructured MoO3 films were deposited 
on SiC substrates using a thermal evaporation method. The 
developed Pt/MoO3 nano-flower/SiC Schottky diodes were 
tested towards hydrogen. Electrical and gas sensing 
performance of the sensors were investigated with respect 
to different temperatures and hydrogen gas concentrations.   
II. EXPERIMENTAL 
Pt/MoO3 nano-flower/SiC Schottky diode based sensors 
were fabricated using 250 µm thick n-type 6H-SiC wafers 
(Cree Inc.). The wafers were initially washed in acetone for 
5 minutes to remove any organic impurities from the 
surface, then rinsed in isopropanol (IPA) and deionised 
(DI) water. The surface native oxide on the wafers was 
removed by etching in hydrofluoric acid (HF) for 15-20 s. 
Thereafter, the wafers were rinsed in DI water and blown 
dry in nitrogen at room temperature. A double metal layer 
of Ti/Pt (40/100 nm) was deposited at the backside 
(unpolished) of the wafers using electron beam evaporation 
technique. Then, the wafers were diced into 3×3 mm2 
substrates and annealed at 500°C for 30 min in Ar gas to 
form the ohmic contact.  
MoO3 nanostructures were deposited onto the polished 
side of the SiC substrates using thermal evaporation 
technique. 10 mg of MoO3 powder was placed at the center 
of a furnace with temperature of 770°C. The substrates 
were placed at a distance of 15 cm from the hot spot at a 
temperature of approximately 450°C. 100% pure Ar gas (as 
carrier gas) with constant volumetric gas flow rate of 
approximately 900 SCCM was used through the deposition. 
The deposition was carried out for 30 min.  
Finally, a circular Pt contact pad (1 mm in diameter and 
25 nm thick) was deposited onto the nanostructured MoO3 
films to form the Schottky contact. 
Gas sensing performance measurements of the sensor 
were conducted using a computerized multi-channel gas 
calibration system. The sensors were placed in a test 
chamber made from Teflon. The operating temperature was 
controlled by an alumina micro-heater in direct contact 
with the sensor. The performance of the sensor was 
analyzed with respect to temperature and different 
concentrations of hydrogen. The sensor was exposed to 
different hydrogen gas concentrations in the range of 0.06 
to 1%, at constant volumetric gas flow rate of 200 ml/min. 
I-V measurements were carried out using a Keithley 2602 
current source unit. The response of the sensor to hydrogen 
was measured as a voltage shift when the sensor was biased 
at a constant current. The voltage shift of the sensor was 
recorded using an Agilent 34410A multimeter. 
 
III. RESULTS AND DISCUSSION 
Surface morphology characterization of the 
nanostructured MoO3 thin films deposited onto the SiC 
substrates was performed by FEI Nova NanoSEM 
(Scanning Electron Microscopy). As can be seen from 
Fig. 1, randomly orientated thin nanoplatelets in a densely 
packed formation were found in the nanostructured MoO3 
films. Inset of Fig. 1 reveals nanoplatelets with dimensions 
ranging from 250 nm to 1 µm. 
I-V characteristics of the developed Pt/MoO3 nano-
flower/SiC Schottky diode based sensor were measured 
towards 1% hydrogen gas balanced in synthetic air at 
different temperatures of 25ºC, 100ºC, 170ºC and 250ºC 
(Fig. 2). The sensor exhibited larger lateral voltage shifts in 
reverse bias condition than in forward bias. The most 
significant lateral voltage shift was observed at 250°C.  
As can be seen from the I-V curves at 25°C, the 
forward characteristic is similar to the conventional 
forward bias Schottky diode characteristic. Whilst unlike a 
conventional Schottky diode based gas sensor comprising 
of a thin film, the reverse bias breakdown occurs at a 
higher voltage. The authors believe that under the reverse 
biased condition, strong local electric fields are induced at  
 
Figure 1.  SEM images of the MoO3 nano-flowers deposited on SiC 
substrates. 
the sharp edge and corner morphologies of the MoO3 
nanostructures [15-18], which is multiplied by the 
enhancement factor (γa) [4-6, 19, 20],  altering the 
Schottky I-V curves significantly.    
 
Based on the thermionic emission, the Schottky J-V 
characteristics can be given by [21]: 
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where A** is the effective Richardson constant, T is the 
absolute temperature, q is the charge constant, φB0 is the 
barrier height and k is the Boltzmann constant εs is the 
permittivity of the material and ξm is the enhanced 
localized electric field at the metal/semiconductor interface 
which is a function of the reverse bias voltage VR for 
nanostructured materials [5]: 
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where, VR is the reverse bias voltage, ND is the density of 
free carriers and ψb is the built in potential. 
 
Fig. 3 shows the reverse bias I-V characteristics of the 
sensor towards 0, 0.06, 0.125, 0.25, 0.5 and 1% hydrogen 
gas balanced in synthetic air at 250°C.  
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Figure 2.   I-V characteristics of the Pt/MoO3 nano-flower/SiC Schottky 
diode based sensor towards 1% hydrogen balanced in synthetic air at 
different temperatures from 25°C to 250°C. 
 
 Upon exposure the sensor to hydrogen gas, the 
hydrogen molecules dissociate at the catalytic Pt metal 
surface. Thereafter, the hydrogen atoms diffuse through the 
thin metal layer to the Pt/MoO3 interface and induce a 
dipole charge at the interface. As a result, the charge causes 
a lowering of the Schottky barrier height to allow more 
carriers to flow over the barrier due to thermionic emission 
[22-24] and increases the current density through the 
sensor. The accumulation of hydrogen atoms also causes an 
increase in ND from the nanostructured MoO3 layer to form 
the negative charge of the dipole. As per Eq. (3), the effect 
of increase in ND at the Pt/MoO3 interface is amplified by 
the enhancement factor and causes a respective increase in 
the electric field and a decrease in the barrier height in Eq. 
(2) and therefore produces a large lateral voltage shift in the 
reverse I-V characteristics.  
 
At 250°C, dynamic response of the sensor towards 
different concentrations (0.06%, 0.125%, 0.25%, 0.5% and 
1%) of hydrogen gas in synthetic air was measured 
(Fig. 4a). The sensor was kept at a constant reverse bias 
current of 10 µA. Voltage shifts of 0.406 V, 0.86 V, 
1.51 V, 4.176 V and 5.7 V were obtained for 0.06%, 
0.125%, 0.25%, 0.5% and 1% hydrogen, respectively.  
Response and recovery time of 171 s and 1323 s were 
recorded after exposure the sensor towards 1% hydrogen at 
250°C. The sensor also showed repeatable responses 
towards hydrogen gas (Fig. 4b). 
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Figure 3.  Reverse I-V characteristics of the Pt/MoO3 nano-flower/SiC 
Schottky diode based sensor towards different hydrogen concentrations at 
250°C. 
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Figure 4.  (a) Dynamic response of the Pt/MoO3 nano-flower/SiC 
Schottky diode based sensor towards 0.06, 0.125, 0.25, 0.5 and 1% 
hydrogen gas balanced in synthetic air at 250°C using a constant reverse 
bias current of 10 µA. (b) Repeatability of 1% hydrogen exposures.  
IV. CONCLUSION 
Pt/MoO3 nano-flower/SiC Schottky diodes were fabricated 
and tested for hydrogen gas sensing applications. The 
sensor exhibited a large voltage shift of 5.7 V towards 1% 
hydrogen at 250°C under a constant reverse bias current of 
10 µA. The authors believe that this large voltage shift is 
due to the enhanced localized electric fields emanating 
from the sharp corners and edges of the thermal 
evaporated MoO3 nanostructures morphology. The results 
indicate the Pt/MoO3 nano-flower/SiC Schottky diode is 
highly sensitive towards hydrogen gas and it is promising 
candidate for sensing applications.  
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